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Polypeptides useful as Iiaunotherapeutic Agents 
and Methods of Polypeptide Preparation 



Field of the Invention- 



The present invention rplatee um/ 
*r use in prophylactic TZ ^^t TT™ "* 
infection. Methods of pr.parinn th«" I- ° f chromc HPV 

purification techniques 1 th "*"•««. including protein 

recombinant m teliU^ nT™"" 9 °' " 3Cid s ^nces by 
expression of . partX oro ts 1 ^ high le - 

£. coli bacteria, ce s re """'^ cells - P^icuUr 

production and ™ ur E*™ °" ° f P ™" 

i-ner aspect of the invention. 

Background of the Tnvpn-M 0n flnri PrW ^ 

leases. Over 60 e "^^" °' "'""^ hU ™ 

on the extent of cross ZV^°[TL distin *^- 

different subgroups are a so h 9en °"* S - " d °' th0Se ' 

cutaneous warts of the hands and feT *Vs 5 and 8 ™ 

the rare disorder epide^dyspUsIa verruZLs ' """"^ ™ 

which they are as^ated °' ™ y 0f the d1 " ase " ith 

and m .U which « l«;i7 ^ VlrUS " 5uch « HP ^ 
(warts,, including geni "a ts 1 °' ^ 

31. 33 and 45. aslo late* with fit ^ irClUd " WS 16 ' 18 " 

•aUgnant conversion leadino tn *** "™ 1X - ^ 1nVOlved 

Hausen. Cancer hTJZX £ " * <» 

prolife^ ^,1^ T^"' * 

infect™. The vZ^L ™^' * v1 ™ 

epithet but cannot ^ m » T * "'^ ° f the 

Instead virus gene exnres^ol u , rep,lcat,on ™ cells, 
can induce tte 'ZZ " *< °' ^ 

characteristic wan ^ tt l Pr ° 1,ferate ' rl* to the 

In the upper layers of the wart however, the 
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infected cells begin to undergo terminal differentiation towards their 
final keratinised state, and this differentiation is sufficient to allow 
the virus to complete its replication cycle with the production of virus 
proteins and ultimately new virus particles. 

These lesions, although proliferative, are at low risk of malignant 
conversion, and in most cases the warts remain benign. However, in some 
cases, over a period of years, cells carrying HPV sequences may become 
tumorigenic. In this case it appears that the bulk of the virus genome 
is likely to be lost, and a residual portion of the genome, usually 
including the virus E6 and E7 genes becomes integrated into the genome. 
This progression to malignant cancer is. however, associated primarily 
with a limited range of HPV types, namely HPVs 16. 18. 31. 33. 35. 45 and 
with. particular tissues such as the cervix and penis. 

It is known that the immune system can play a role in controlling 
HPV infection. It is well known that the incidence of HPV- induced skin 
warts and HPV -associated diseases increases in those who are receiving 
immunosuppressive treatment, suggesting that in many cases virus infection 
is kept under control by immunological mechanisms. Further evidence for 
the capacity of the immune system to control infection has come from study 
of spontaneous wart regression. A common observation is that in some 
individuals with genital warts, the warts suddenly disappear. Such 
regressing warts have been studied histologically, revealing a substantial _ 
influx of T lymphocytes in the lesions. Regression is believed to be 
mediated by the immune system. . 

Effective inreune responses to HPV infections are thought to be 
mainly cell -mediated since disease can persist in individuals with serum 
antibodies against HPV. Moreover, it is known that spontaneous regression 
of warts is often accompanied by lymphocytic infiltration, itching, 
reddening of the affected area and other symptoms characteristic of cell- 
mediated immune reaction. HPV infections are also common in patients with 
impaired cellular immunity, where persistence of viral disease suggests 
poor immune surveillance. 

Studies on regression of papillomavirus -associated disease in 
vaccinated animal models also support the concept of an immune effector 
in combatting disease. For example, cattle vaccinated against Bovine 
papillomavirus (BPV) produced antibodies reported not to be neutralising, 
yet vaccination with a fusion protein comprising sequences of BPV 12 and 
non-HPV sequences (beta galactosidase) has been shown to produce both- 
prophylactic and therapeutic responses in these animals: (see WO93/00436. 
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of Cancer Research Campaign Technology Limited: Jarrett et al. and Jarrett 
et al. Virology. 184 (1991) pp33-42). 

The use of HPV proteins such as Li. 12 in the preparation of 
vaccines is known for example from WO 93/02184 (Univ of Queensland & CLS 
Ltd:. I Frazer et al : Papilloma virus vaccine). Other HPV proteins have 
.been decfibed for use in immunodi agnostics, e.g. in WO 91/18294 (Hedscand 
AB: J Dillner et al: Synthetic peptides of various human papillomaviruses, 
for diagnostic immunossay) : and EP 0 375 555 (Hedgenix: G De Martynoff et 
-al: Peptides, antibodies against them, and methods for detection and 
dosage of papilloma virus). 

EP 0 456 197 (1991) (Behringwerke: C Bleu! et al) discloses 
peptides with one or more seroreactive epitopes of defined sequence from 
HPV18 proteins El. E6. and E7. EP 0 451 550 (1991) (Behringwerke: M 
Mueller et al) discloses peptides with one or more seroreactive epitopes 
of, defined sequence from HPV16 proteins E4. E6. E7. or LI. The 
disclosures are for screening test purposes, and also mention vaccine use. 

..... WO 93/00436 (Cancer Research Campaign Technology: WFH Jarrett et 
al). disclose papillomavirus proteins and fragments related to 12 protein 
for prophylaxis and therapy of papillomavirus tumours, also mentioning 
preparation of E7 protein. 

WO 92/16636 (Immunology Ltd: MEG Boursnell et al) discloses genetic 
sequences of HPV16 and HPV18 E6 and E7 as fused genes inserted in a 
recombinant vaccinia virus vector, causing ir,-vivo expression of antigens 
after administration of the live virus vector. 

WO 92/0524$ (Bristol-Myers Squibb: EK Thomas et al) proposes 
materials for inhibiting and treating human papillomavirus infection and 
cell transformation, mentioning recombinant cells (including virus 
vectors) containing a gene encoding a peptide substantially corresponding 
to a region of the E6 and/or E7 gene product or a chimeric peptide 
compound of one or more regions of HPV proteins. 

CP Crum et al. Virology 178 (1990) pp 238-246. describe expression 
of fused part -sequences of HPV- 16 LI and E4 and the use of the proteins 
with Freund's complete adjuvant to immunise rabbits to make antisera for 
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diagnostic or other test purposes. 
Summary and description of the Invention : 

5 

The present invention provides fusion polypeptides and aggregates 
of polypeptides having papillomavirus -derived antigens as described more 
particularly below, and compositions thereof and their use for immunogenic 
and vaccine purposes in eliciting papillomavirus- specific immune 
10 responses. 

Also provided are methods of producing, treating and and purifying 
such polypeptides and compositions, as described below. 

According to the invention there are provided polypeptides and 
15 polypeptide compositions comprising an antigenic determinant of a 
papillomavirus protein, in aggregated form which when in solution or 
dispersion can pass through a sterilisation filter, or in amorphous 
aggregated form. 

The invention also provides fusion polypeptides that combine 
20 * papilloma -virus -derived antigens, e.g. from each of at least two different 
papillomavirus proteins, e.g. comprising (a) at least an antigenic 
determinant of a papillomavirus L2 protein, and (b) at least an antigenic, 
determinant selected from Ei. E2. E4. E5. E6 and E7 papillomavirus 
proteins and L2 papillomavirus proteins of different papillomavirus type 
25 than in (a). Further fusion polypeptides provided hereby comprise 
antigenic determinants from at least two papillomavirus proteins selected 
from El. E2, E4. E5. E6 and E7 papillomavirus proteins e.g. where the said 
proteins are from different papillomavirus types. 

Particularly preferred polypeptides and compositions hereof 
30 comprise antigenic determinants of human papillomavirus proteins, e.g. of 
HPV type 6, 11. 16, 18. Antigenic determinants of proteins from other HPV 
types and proteins of non- human animal papillomaviruses can also be made 
- • •- and used. 

35 In further detail, the invention provides for example polypeptides 

comprising antigenic determinants from each of at least two different HPV 
proteins. An antigenic determinant of a papillomavirus protein can for 
example be ^represented and provided in connection with the invention 
either by the full sequence of the papillomavirus protein concerned, or 
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by such sub-sequences as may be desired, e.g. a sequence fragment 
comprising at least 25:. e.g. at least 50* or 75* of the full sequence of 
the protein concerned, e.g. a N-terminal or C-terminal sequence fragment. 
Sequences can be taken from clinical papi 11 oma virus isolates or published 
sequences or mute ins thereof. 

The HPV proteins, of which antigenic determinants can form part of 
such a fusion polypeptide, can be selected for example from the LI. 12. 
El. 12, E4. E5. E6 and E7 proteins. Proteins of for example (human) 
papillomavirus types HPV 6. 11. 16 and 18. as well as from other human or 
ammal papillomavirus types can be used. Thus antigenic determinants of 
at least two papillomavirus proteins can for example be L2 and another, 
and/or E7 and another. 

In particular examples, the polypeptide can comprise at least an 
antigenic determinant from each of at least two different papillomavirus 
proteins, and from the same or from different papillomavirus types. For 
example, at least one of the proteins can be selected from LI or L2 and/or 
at least one of the proteins can be selected from El. E2. E4. E5. E6 and 

In particular examples the invention provides a polypeptide 
comprising an antigenic determinant of HPV L2 protein and an antigenic 
determinant of HPV E7 protein, suitably comprising for example a 
substantially full length L2 and/or E7 protein of HPV. or antigenic 
fragments or muteins thereof. 

A fusion protein comprising 12 and E7 proteins of HPV. can comprise 
a sequence fragment of at least 50* of the full sequence of each of 12 
protein and E7 protein, e.g. substantially the full sequence of L2 and of 
E7: optionally further including a sequence of LI protein. 

The polypeptide may further include antigenic determinants of other 
HPV proteins or be in admixture or aggregated with other HPV proteins or 
protein fragments, such as LI or another member or members of the L or E 
series of papillomavirus -encoded proteins. 

The polypeptide can comprise a single protein consisting of a 
fusion of 12 and E7 or a fusion of L2. E7 and LI. Alternatively the 
polypeptide can comprise an L2-E7 fusion combined with LI protein for 
prophylactic or therapeutic application. 

The polypeptide may comprise a fusion molecule or can be derived 
from individual polypeptides coupled or aggregated together. Soluble or 
solubilised forms of the polypeptide fall within the scope of the 
invention. 
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In certain embodiments the polypeptide can be coupled by chemical 
crossl inking, in per se known manner, e.g. by standard techniques 
involving covalent attachment for example to exposed tyrosine residues or 
to the epsilon-amino groups of lysine residues or the carboxyl groups of 
aspartate and glutamate residues. Preferred embodiments are however 
fusion proteins each. resulting from expression in a recombinant host cell 
of a polynucleotide sequence of which part encodes part of all of the 
amino acid sequence of a first papillomavirus protein and another part 
encodes part or all of the amino acid sequence of a second papillomavirus 
protein. 

In particular, the invention provides for example a polypeptide 
comprising an antigenic determinant from each of at least two different 
papillomavirus proteins, in an aggregated form which when in solution or 
dispersion can pass through a sterilisation filter, e.g. a filter with 
pore size in the range 0.16-0.22 micron, e.g. 0.2 micron. 

It can be seen that the invention provides for example a 
polypeptide comprising an antigenic determinant from each of at least two 
different papillomavirus proteins, e.g. L2 or LI and at least one other 
of LI. L2. El. E2. E4. E6 and E7. in a reaggregated form that when in 
solution or dispersion can pass through a sterilisation filter, e.g. a 
filter with a pore size in the range 0.16 - 0.22 micron, e.g. 0.2 micron. 

Suitable forms of preparation can result for example by R . 
denaturation. or denaturation with reduction, e.g. with subsequent 
reaggregation of a polypeptide which can be a fusion protein or other 
papillomavirus protein, e.g. a single papillomavirus protein, expressed 
in the form of inclusion bodies in a recombinant host cell. Such a form 
can offer an advantage in that it can be relatively easily purified, e.g. 
for vaccine use. 

Alternative aggregated preparations of the polypeptides need not be 
filterable to sterilise them and can be prepared and purified by aseptic 
technique. 

Aggregated or reaggregated polypeptides as described herein can 
-have for example masses in the range about 100.000. e.g. 160.000 to 
10,000.000 dalton. The molecular weight of a dimer of L2E7 can be about 
130.000. The aggregates can for example have diameters on electron 
microscopy in the range about 4 to 50 nm. e.g. 10 to 15 nm. 

An example of a polypeptide provided by the invention as described 
in detail jn the example below contains a reaggregated L2E7 fusiorr 
polypeptide containing aggregates of about 500.000 dalton. about 10-15 or 
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15-20 ™m diameter upon electron licroscopy. with about 7-10 eo about 
8 L2E7 fusion Mwti* chains per a99 re 9 ate. Here g era, y t 
product can have about 2 to 2 00. e.g. 5 . 50 chains per aggregate part'ic 
and th preparations =, aggregate can cerise particles with a rang f 
particle sizes within the composition. 

Suitable reaggregation is obtainable for example as a result of 
slow or gradual re™, of urea and thiol-reducing agent <ofte e 
dithiohreitol. or other acceptable thiol-reducing agent such s 
glutathione, fro. a denatured a* reduC ed preparation f the 1 

- ;>rv e - 9 - about m urea > and «™ ^ 

about 10 rt d, hiothreito, Cpreferab,y lowered to about 0.1 M or Is' 

ela, c n i "I ^ ^ re8 " reSate<1 ~>- Such 
h L 7 " amP reSUU the C01 ™ *™«ography Procedure 
escribed ,n detail below. The denatured and reduced prepa a^ion TZ 
fusion polypeptide is obtainable for exa^le by solubil sing, in r * 

lol-reducing agent, initially. insoluble inclusion bodies s produ d 
expression of the polypeptides in a E.coli T7 system 

Such aggregated soluble or disperse products are often amorphous 
caalack LI protein, and are otherwise distinct frc« virus-like prides 
based on papillomavirus LI protein <a* SCTO ti re s incl di4 
WilWirus proteins,, as reported to result from egression of m 
genes (including LI) In systems v,ch « „ „ u- . 

, ■ „. „ y systems such as e.g. recombinant baculovi ruses in 

^ Z in yeast cel,s - For ex ^ le - the p«i i 

~Z m r f I 055 " " haVln9 denaturation and 

.hio, -reduction fol (owed by reaggregation. 

The polypeptides mentioned above can suitably be prepared using 
recombinant OKA techniques. Tta the invention also provides nu 

Ixc ess^n C r° de °" *"* ~ d PoWlte. cloning * 
expression vectors incorporating them and parts of them, and transacted 
nd transduced host cells incorporating such nucleic acids and able 
xpress them as protein. i„ , preferrfrd „_ ^ puc 

compnses a fusion gene comprising for example the L2 and E7 oenes 
isolated for example from an isolate of HPV-6 obtained from a clinical 
specimen of genital wart. cnnical 

Preferably the polypeptides described above are prepared by 

Z"VL PUC ' e1C KU in a prok ^ t1c ' —ryotlc ho tli g 
recombinant DMA techniques. 9 
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Specifically, a nucleic acid which encodes the desired polypeptide 
is incorporated into a suitable vector system as a suitable open reading 
frame with any accessory sequences proper for its expression in a chosen 
system. The host cell is transformed with the vector. Transformed host 
cells are then cultured and the desired polypeptide isolated from the 
culture, either from the supernatant or from the cells, as in examples 
given below. The above-mentioned vectors as well as transformed host 
cells form a further aspect of the invention. 

Expression of polypeptides provided by the invention has been 
examined in yeast and baculovirus expression systems, which have been 
previously reported to allow expression of HPV- derived genes. It was 
found that in both cases it was possible to obtain expression of a -full- 
length molecule, but that expression levels were sometimes low. It is 
presently preferred, for the sake of optimising expression levels, to use 
a prokaryotic host expression system (particularly a E.coli T7 system), 
rather than the two tested eukaryotic systems (yeast or baculovirus). 

Immunogenic polypeptides and vaccine compositions provided hereby 
are useful in eliciting HPV-specific immune responses e.g. as vaccines for 
prophylaxis or therapy of papillomavirus -associated conditions. The 
iranunogens, e.g. immuno- therapeutic or prophylactic vaccines for use in 
the prophylaxis or treatment of HPV -associated diseases can be used to. 
generate irmxjne responses, e.g. responses involving cellular immunity 
capable of mediating the regression of chronic HPV infections including 
genital warts (especially where the products and the infections are based 
on HPV of types 6 and/or 11) or cervical intraepithelial neoplasia 
(especially where the products and the infections are based on HPV of 
types 16 and/or 18) in infected patients. Such inuiune response can be 
targeted towards T-cells, e.g. CD4+ cells, e.g. by the use of appropriate 
adjuvants . 

Thus the invention further provides a method for preventing or 
treating HPV infection or lesions associated therewith, which method 
comprises acini nistering to a patient an effective amount of a polypeptide 
as described herein. 

Embodiments provided by the invention include vaccine preparations 
based on polypeptides as mentioned herein, which according to specificity 
are intended for use in eliciting immune responses to papillomavirus, 
particularly, for example of papillomaviruses of types HPV 6 and 11. and 
of types HPV 16 and 18. for use in prophylaxis and therapy of human 
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genital warts and of cervical intraepithelial neoplasia 

Cross-reactivit, between HPVs of different types has been observed 
and according to such observable cross-reactivity the polypeptides and 
v ernes produced hereby can be used In eliciting useful i«™ response^ 
against papillomavirus types other than the types f™ which they w^re 

The invention provides immunogenic compositions of the polypeptides 
mentioned above, suitable for Ministration by injection. c^s g 
earner such as an i^unologica, adjuvant. In certain preferreTexamole 
the adjuvant comprises alumimlum nydroxide an(j/or TOnophospn , , "J 
as deenbed more particularly below. 

Such i^ncgenic compositions, e.g. for use as a therapeutic or 
prophy actio vaccine in hunans or non-h^an animals, can cerise 
adsorption co^lex comprising (i.e. al^iniun, hydroxide usually 

Alhydrogel (TM, or Rehydrogel (TM, as conventionally used as vac i e 
adjuvant, having adsorbed thereon a polypeptide obtainable as « o™ 

Z T P 00 CM,PleX "» 5 binar ^ ^ »-'»ing of the 

- alun and the polypeptide, or there may be further constituents e g HPL 

The polypeptide, either soluble or aggregated, may be used as 
vaccine directly or may b, a«lninistered as a pharmaceutical composition 
censing also a pharmaceutical^ acceptable vehicle, buffer, adjuvant 
or o.her acceptable material. Hence the invention further provides a 

r Cln L° r T™" 1 " 1 " 1 ca V* w °" "Mch cerises a polypeptide as 
descr,*d above in combination with a suitable carrier or exciplent 

The polypeptide can be either a soluble monomer, for example of 
UE7. or a polypeptide aggregate. Preferably the polypeptide, e.g. an 
L2E7 fusion protein, is formulated by combining with an adjuvant or other 
accessory substance such as an i«unostimulatory ro lecule in order to 
enhance its effect as a therapeutic antigen, and also to stimulate a 
preferred type of l^une response in the recipient patient. Useful 
adjuvants include, but are not limited to: aluminium hydroxide CaW) 
e.g. in the for. of Alhydrogel (TM) or Rehydrogel (TM) ; 3D-MPI (3^ 
deacylated monophosphoryl ,ip id A) e.g. as described in US 4.912.094 (Ribi 
Inmunochem Research- KR Mv>.r< «t t. ,. . mioi 
.„ ^ fi ^ ,. , and AT T ™*>t: describing adjuvants based 

on modified lipopoly-saccharide. de-J-Cacyl ronophosphoryl lipid A) 
which can be applied for example as described in US 4.912.094 or as in 
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specification WO 94/21292 (Smithkline Beecham: P Hauser et al: Vaccine 
compositions containing 3-0-deacylated monophosphoryl Lipid A). Where 
both alum and HPL are used, the protein is preferably adsorbed first to 
alum and MPL added afterwards. Also usable are trehalose di esters such 
5 as trehalose dimycolate; saponins and their derivatives such as Ouil A 
or GS-21. as for example described in specifications WO 88/09336 
(Cambridge Bioscience: CA Kensil et al: Saponin adjuvant) and WO 93/05789 
(Cambridge Biotech: CA Kensil et al : Saponin- antigen conjugates); ISCOMS 
or ISCOM matrices, as for exaniple described in specifications WO 90/03184 

10 (B Horein et al : Iscom matrix with irmunomodulating activity, conprising 
lipid and optionally also adjuvants) and W0 92/21331 (Kabi Pharmacia AB: 
B Horein et al : Pharmaceutical carriers comprising sterol and saponin); 
or muramyl di peptide, or cholera toxin B. Further accessory or 
iimunostimulatory molecules useful in this connection include cytokines. 

15 such as interleukins. including but not limited to Q-1-CSF, IL-3. IL-2. IL- 
12 and IL-7. Such adjuvants and/or other accessory substances, can be 
used separately or in combinations as desired. 

Pharmaceutical compositions such as vaccines provided hereby can 
e.g. be: emulsified in acceptable mineral or hydrocarbon oil. including 

20 but not limited to squalene. or biodegradable mineral oils as described 
in specifications W0 91/00106 and WO 91/00107 (SEPPIC: B Brancq et al: 

: describing injectable multi -phase emulsions and emulsion vectors with 

continuous oily phase); or encapsulated, e.g. by encapsulation in 
biodegradable microparticles or liposomes or nonionic surfactant vesicles: 

25 for these techniques see respectively e.g. specifications WO 94/27718 (DT 
O'Hagan et al : microparticles containing entrapped antigens and their use 
in immunization) and W0 93/19781 (PCT/GE93/00716) (Proteus Molecular 
Design: J Alexander et al : Vaccines containing non-ionic surfactant 
vesicles with entrapped antigen). 

30 The polypeptides may be given for therapeutic or prophylactic 

purposes. Routes and procedures of administration include, but are not 
limited to standard intramuscular, subcutaneous, intradermal, intravenous, 
oral or rectal routes and procedures. 

The amount of polypeptide administered can be chosen according to 

35 the formulation and the condition to be treated. Generally it is expected 
that doses will be between l-2000^g of the protein, preferably 10-300pg. 
e.g. 10-250/*;. Optimal amounts can readily be determined in subjects. 
One or more '"doses of the vaccine may be administered at intervals (see 
e.g. Example 13). This regime can readily be optimised in subjects. 
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Alternatively, a nucleic acid encoding said polypeptide can be 
incorporated into a suitable recombinant virus vector and introduced into 
a host organism, such as a human, in order that expression of the nucleic 
acid can give rise to the polypeptide in situ . Examples of viruses 
suitable for use as basis of recombinant virus vectors in this way are for 
example viruses as described in WO 92/05263 (Iraiunology Ltd: SC Inglis et 
:a1) and WO 92/16636 (Itrmunolcgy Ltd: MEG Boursnell et al). 

Vaccines containing HPV-related polypeptides as described herein 
may activate broad HPV-specific irinune responses. Such inmune responses 
can include: specific antibody, including HPV6 and HPV11 neutralising 
antibodies, cell mediated immunity including HPV6 and HPV11 specific 
lymphoproliferative responses, delayed type hypersensitivity responses, 
-cytotoxic T cells, and cytokine production. 

In the course of preparing a suitable vector for expression of the 
polypeptide of the invention, the applicants have arranged a technique 
which can enhance and achieve high level expression of a particular 
polypeptide in heterologous cells, in particular E. coli bacterial cells. 

Thus in a further aspect the invention provides a method for 
preparing a recombinant polypeptide which method comprises expressing in 
a bacterial cell a nucleic acid sequence which encodes the desired 
polypeptide but which has been mutated such that codons or groups of 
codons which cause premature termination of transcription or translation 
have been replaced by degenerate codons. 

In particular, applicants have found that in the T7 expression 
system of E. coli. the incidence cf premature termination of transcription 
or translation can effectively be prevented or reduced by removal of at 
neast one poly-T sequence such as lTTT]n where n is 2 or more. e.g. by 
replacing such a sequence with an acceptable alternative, e.g. a [TTC]n 
sequence which encodes the same amino acids, leading to higher yield of 
desired polypeptide. 

In bacterial expression systems such as the T7 system, recombinant 
polypeptides are found in insoluble aggregates or 'inclusion bodies' (IBs) 
within the cell. The applicants have arranged a improved technique for 
the recovery of said recombinant polypeptides. 

Thus in a further aspect of the invention there is provided a 
method of recovering a recombinant polypeptide from an inclusion body 
within a prckaryotic host cell, said method comprising subjecting a 
suspension comprising said inclusion bodies along with unwanted material 
e.g. broken-cell debris to cross-flow filtration and recovering 



WO 96/26277 



PCI7GB96/00397 



12 

recombinant polypeptide from inclusion bodies separated therefrom. This 
technique has the combined effect of separating inclusion bodies present 
in a cell homcgenate from other cell debris and at the same time washing 
them, hence providing a useful degree of purification. 

In a preferred embodiment of this process, the separated inclusion 
bodies are subsequently solubilised in situ and the polypeptide is 
recovered from the solution. Examples of solubilising reagents include 
urea and mixtures of urea and dithiothreitol or other sulphydryl reducing 
agent, e.g. at about 8M-10M concentration. 

It can be particularly convenient to carry out cross -flow 
filtration of a crude suspension resulting from disruption of host cells, 
containing a desired expressed polypeptide in the form of inclusion 
bodies, in two stages in the same filtration apparatus, a first stage in 
which the desired inclusion bodies are retained and washed in the filter 
retentate under non- solubilising conditions, and a second stage in which 
said inclusion bodies are contacted with a solubilising liquid and 
collected in a filtrate in such liquid (e.g. in 8-10M urea optionally with 
sulphydryl reducer such as dithiothreitol). Removal of the solubiliser. 
and re- aggregation, can usefully follow. 

A particular example of a protein preparation of the invention 
would ccxnprise a fusion protein comprising L2E7 proteins based on HPV-6. 
The protein is suitably expressed in E. coli cells, purified to. 
homogeneity and then formulated with an adjuvant, for example alum. The 
preparation would be of use in treating genital warts and would be 
formulated so as to be in a form suitable for administration by parenteral 
injection to the recipient patient. 

The invention is further described below by way of example with 
reference to the accompanying diagrammatic drawings in which: 

Figure 1 shows a nucleotide sequence for a vector expressing a HPV 
L2E7 fusion protein according to an embodiment of the invention; 

Figures la and lb show sequences of the vector that precede the 
start codon and follow the stop codon in the sequence of Figure 1: 

Figure 2 shows a corresponding aminoacid sequence; and 

Figure 3 illustrates a protein purification procedure for use 
according to an embodiment of the invention in purifying the L2E7 fusion 
protein of Figures 1 and 2. 

The applicants have isolated certain HPV genes, in particular the 
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L T ' eneS HPV ' 6 ViPUS - The 9ene se ^nces have been 

used as described herein to construct gene fusions for expression of HPV-6 
proteins to high levels in prokaryotic and eukaryotic systems. 

For this purpose, plasmid vectors for the expression of the above- 
described polypeptides such as HPV-6. L2 and E7 as a single fusion protein 
in E. coli have been constructed. 

tocti^T the HPV ', 6 v1rus were 8M,fied by M ^ ^ 

Reaction (PCR) fron, a viral ONA sample prepared fr« a single clinical 
isolate of wart tissue infected with HPV-6. The genes isolated were used 
to construct a oene fusion cassette for the expression of HPV-6 derived 
protein in a heterologous system. 

A number of modifications to the gene construct were made in order 
to improve the production process. Particularly useful modifications were 
as foliOrVs: 



; ,k °ff ° f 3 l6ader S6qUenCe rpelB lead€r "> at the N terminus 
of the encoded protein sequence in order to enhance the expression of the 
protein in E. coli cells (but not to direct the expression to the 
periplasm). 

2. Introduction of a sequence CHis-Tag") at the C terminus of the 
encoded protein sequence in order to allow purification of the protein by 
metal chelation chromatography. 

3. Mutation of stretches of thymidine residues to eradicate sequences 
implicated in the premature termination of transcription of the fusion 
gene. The mutation affects solely the DNA sequence of the gene construct 
but does not effect the sequence of the encoded protein, since it involved 
the mutation of the degenerate third position in the codon. 

Constructs were assayed by transcription and translation of the 
protein open reading frames, in vitro. In the case of the HPV-6 L2E7 
fusion protein, both a full-length protein (80 JcD) and a truncated protein 
product (70 kO) were seen when using an HPV-6 L2E7 gene fusion construct 
expressed in vitrp.. and this pattern was repeated in vivo The 
appearance of a truncated fori, of the target protein was correlated with 
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the presence in the HPV-6 12 sequence of a long run of Thymidine (T) 
residues. A second T-rich region containing 6 thymidine residues was also 
identified. These regions were subjected to mutagenesis, in vitro, using 
oligonucleotides which altered the DNA sequence but not the amino acid 
sequence of the HPV-6 12 protein. The mutated HPV-6 L2E7 gene fusion was 
subcloned into a plasmid expression vector driving expression of cloned 
sequences from a bacteriophage T7 promoter (pET expression system. 
Novagen). The plasmid construct obtained, designated pGW53. chosen for 
HPV-6 L2E7 expression, encoded an upstream leader sequence. pelB. the HPV- 
6 L2E7 ORF's and a downstream sequence encoding 6 histidine residues (His 
Tag) "in frame" with the C-terminus of the HPV-6 fusion protein. 

Figures 1-2: 

The sequence data in Figures 1 and 2 indicate, without limitation, 
nucleotide and encoded aminoacid sequence of a preferred example of the 
L2E7 fusion protein produced by the techniques described herein, including 
an upstream leader and a downstream tag sequence. The leader sequence as 
well as the tag sequence (aa 591-601) can be omitted if desired. Figures 
la and lb show non-coding sequences in the preferred T7 expression vector, 
which precede the start codon and follow the stop codon in Figure 1. 

Figure 2 shows the sequence of the preferred fusion protein of L2 
and E7. In the DNA sequence of 1827 base pairs, locations 7 to 1812 
(inclusive of stop codon) encode a L2E7 fusion protein and tags. The 
sequence regions corresponding to L2 and E7 in Figures 1-2 have been found 
to incorporate a few differences by comparison with published separate 
aminoacid sequences of 12 and E7. The differences are as follows (with 
reference first to an aminoacid residue in the sequence numbering of 
Figures 1-2 herein, and then to the (different) aminoacid in the 
corresponding position of the published sequence): 

105 Gly was Gin in the published sequence; 215 He was Val ; 230 He was 
Val; 373 Glu was Asp; 381 Lys was Glu: 386 Asp was Gly; 422 He was 
Leu: 544 Tyr was Phe. 

In addition a few 'silent* differences were found in polynucleotide 
sequence, i.e. differences not leading to any difference in translated 
aminoacid sequence. These are believed to be without significance for the 
present invention. Two silent mutations from TTTTTT to TTCTTC, produced 
for reasons as discussed in the present text, are located at aminoacid 
positions 83*4 and 483-4. 

A fusion protein expressed with precise correspondence with the 
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published sequences, and incorporated in compositions as disclosed herein 
would be highly cross-reactive with the preferred L2E7 fusion protein 
shewn in Figures 1 and 2 and would elicit equivalent^ similar or highly 
cross -reactive immune responses. 

Also functionally similar would be L2E7 fusion proteins derived 
from the sequences of other clinical isolates of HPV: such further 
isolates from the clinical environment could possibly have discrepancies 
of sequence as compared with the sequences given here, but these are 
expected not to be significant to the performance of the invention if 
qesired. any discrepancies found in a particular clinical isolate could 
readily be eliminated e.g. by site -specific mutagenesis of the 
corresponding cloning vectors prepared therefrom. 

The gene construct obtained as described herein was inserted in an 
expression syste* optimised for high level expression of heterologous 
proteins in E col, cells, This expression system was based on the grLh 
of E. coli cells to a significant density followed by induction of the T7 
polymerase within the cells, which leads to the high level transcription 
of the gene construct. H 

^ Pr ° te1n product which "« then expressed and accumulated within 

inc.usion bodies inside the E. coli cells. Following harvest of the 
cells, the protein was purified away from bacterial proteins, and prepared 
as a solubilised protein extract. This protein extract comprises a high 
Secular mass aggregate of protein wlecules. which is soluble in an 
aqueous solution. 

The purified protein thus obtained can be used to form the basis of 
a therapeutic antigen product in particular for the treatment of genital 
warts. * 

The following Examples and the sequence data given herein 
illustrate the invention but without intent to limit the scope of the 
present disclosure. 

EXAMPLE 1: Amplification and Cloning of *V-6 Genes 

^ Jf^JT ° f ^ m ^ 1n the inf6Cted tissue ™ originally 
nl i 3 b3Sed °" 3 -"'icatlon of the Jhod of 

Snijders et al.. 1990. Journal 0 f General Virology. 71: pp 173-191 with 
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standard primers for HPV-6. 

HPV-6 LI. L2 and E7 genes were amplified by Polymerase Chain 
Reaction (PCR) from a viral DNA sample prepared from a single clinical 
isolate (H26) selected as the basis for development of the therapeutic 
entity on the basis of the ease of isolation of genes. The identity of 
the clinical isolate is not important and any ordinary clinical isolate 
of HPV-6 would be practically equivalent even though not identical. 
Initial PCR was performed using Taq DNA polymerase. Oligonucleotide 
primers used in the PCR reactions encoded 24 nucleotides of exact homology 
to the gene sequence of interest as well as additional nucleotides where 
these encoded restriction enzyme sites or were added to maintain the 
reading frame between eventual gene fusions or to introduce stop codons 
in the final expression constructs. An example of the oligonucleotide 
used is as follows: 

JPC08 CAGTGTCGACGGTCTTC GGTGCGCAGATGGGACA SEQ ID NO 1 

Non-coding strand oligonucleotide primer for amplification of HPY 
7 E7 gene and Sail site for directional cloning. 

The single PCR products from the amplification reactions of the LI. 
~L2 and E7 genes were used as template DNA in sequencing reactions to... 
generate a consensus sequence for each of the three genes. The consensus 
DNA sequence was assumed to be an accurate reflection of the actual DNA 
sequences of the genes in the viral DMA extracts because it was a sequence 
generated from many individual template molecules. 

The HPV-6 L2 gene was amplified by PCR from HPV-6 viral DNA as a 
single product of approximately 1400 bp. The product was purified froa 
agarose and used as a template for DNA sequence analysis, and a consensus 
sequence for the amplified 12 gene was generated using oligonucleotde 
primers. 

The purified 12 product was directly subcloned into the vector 
pGEM-T to create plasmid pGW12. The full DNA sequence of the subcloned 
L2 gene was generated from the pa/12 template DNA using the sane 
oligonucleotide primers as for the consensus sequence. The DNA sequence 
of the cloned L2 gene was shown to be identical to that of the consensus.- 
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The HPV-6 E7 gene was amplified by PCR from HPV-6 viral DNA as a single 
product of approximately 300 bp. This was purified from agarose and used 
as template for DNA sequence analysis, and a consensus sequence for the 
amplified gene was generated using oligonucleotide primers. 

5 

The purified E7 FCR product was directly subcloned into the vector 
pGEM-T to create plasmid pGW04. The full DNA sequence of the subcloned 
E7 gene was generated from the pGW04 template using the same 
oligonucleotide primers as for the consensus sequence. The sequence of 
10 the cloned E7 gene was shown to be identical to that of the consensus. 

The HPV-6 LI gene was amplified by PCR from HPV-6 viral DNA as a 
single product of approximately 1500 bp. This was purified from agarose 
and used as a template for DNA sequence analysis, and a consensus sequence 
15 for the amplified gene was generated using oligonucleotide primers. 

The purified LI PCR product was directly subcloned into the vector 
pGEH-T to create plasmid pGW-A. The full DNA sequence of the subcloned 
LI gene was generated from the pGW-A template using the same 
20 oligonucleotide primers as for the consensus sequence. The sequence of 
the cloned E7 gene was shewn to be identical to that of the consensus. 

PCR products were purified from agarose gels by binding to silica 
matrix and li gated to pGEX-T vector DNA. The products of these ligation 
25 reactions were used to transform E. eeli DH5a cells. Recombinant clones 
were isolated and further screened for the correct HPV-6 gene inserts 
using a method based on PCR. 

The DNA sequences of the cloned HPV-6 L2 and E7 genes were obtained 
30 and compared with the consensus sequence generated directly from the 
original PCR products. Clones whose sequences agreed with the consensus 
were used for the construction of recombinant protein expression 
.cassettes. 

35 Example 2: Comparison of HPV-6 Sequences with EMBL Database 

The consensus sequence was compared to that of closely related HPV 
types including HPV-11. HPV-16 and HPV-18 as well as the published 
sequence of HPV- 6b from the European Molecular Biology Laboratory (EMBL) 
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DNA database to ensure that the genes amplified were from an HPV-6 type 
virus. 

Comparisons were made with the help of lasergene Navigator software 
5 (DNAStarlnc.) using the EditSeq, SeqHan. Hegalign and Protean programs. 
Comparisons wre made at the DNA level and from the predicted amino acic 
sequences of the three genes. 

This analysis indicated that the amplified L2. LI and E7 genes were 
10 derived from an HPV-6 type virus. The results demonstrate that although 
the gene sequence is highly conserved, a number of changes from the 
predicted sequence were observed. 

Accordingly, it is considered that suitable constructs for use in 
15 this invention can be made on the basis of DNA from wild-type clinical HPV 
isolates. 

EXAMPLE 3: Construction of Expression Cassette 

The individual genes for 12 and E7 werie assembled to generate the 
20 fusion molecule in the following manner: Both the L2 and E7 genes were 
, cloned by PCR amplification to introduce novel N* and C-temrinal 

restriction enzyme sites, whilst maintaining the integrity of the protein. 

sequence. These gene sequences were then li gated together into a cloning 

vector, using standard recombinant DNA techniques, to create a L2E7 fusion 
25 gene, so that the open reading frames of the two sequences were 

maintained. The L2E7 fusion gene was constructed as follows. 

The HPV-6 L2 gene was initially generated as a l.lkb PCR fragment 
flanked by BamHI and Nco I sites. This PCR fragment was sub-cloned into 

30 the pGEM-T cloning vector. Clones possessing the required insert were 
digested with the two enzymes in order to liberate the L2 gene, which was 
then purified by separation on an agarose gel followed by extraction onto 
glass milk. Similarly the HPV-6 E7 gene was generated as a 300 bp Nco I • 
Sal I fragment, sub- cloned into pGEM-T. These two gene fragments were 

35 ligated together to produce a 1.4kb BamH I - Sal I DNA fragment which 
encoded an L2E7 fusion protein. 

The resulting BamH I * Sal I DNA fragment was then ligated into a"" 
derivative of pET16b, a non-expressing cloning vector possessing kanamycin 
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resistance. The resulting construct was named pGW48. The L2E7 gene 
fusion was subsequently transferred to an expressing pET vector in order 
. to analyse the expression of the protein in £. coli. 

Following analysis of the expression of the fusion gene in E coli 
mutation of the gene was performed as described to eliminate stretches of 
T>residues. which were believed to be causing permature termination of 
transcription. 

The L2E7 fusion gene was then modified by PCR to generate Ban* I 
and Not I termini capable of allowing the insertion of the gene cassette 
into -an expression vector containing an in frame pelB leader sequence at 
the 5- end and an in frame His Tag at the 3' end. The PCR fraanent was 
cloned through the pGEM-T vector, and finally transferred to a pET vector 
derived from pET22b. This final construct was named pGW53. 

Following assembly, the fusion construct was transferred to a 
series of prokaryotic expression vectors known as pET vectors These well 
known vectors comprise strong bacteriophage T7 transcription and 
translation signals. Expression may then be induced by providing a source 
of T7 RNA polymerase in the host cell, under the control of the inducible 
-lacUV5 promoter. Addition of the inducer. IPTG. then results in 
conversion of the cell's resources into target gene expression 
Potentially the desired product can then comprise more than 50* of the 
total cell protein. Moreover, because the system is inducible, it can 
maintain the target gene sequence in a transcriptionally silent state 
prior to induction, allowing the expression of gene sequences which are 
potentially toxic to the host cell. 

Addition of IPTG to a rapidly growing culture of cells transformed 
with the pET vector containing the target gene therefore leads to 
induction, of the polymerase enzyro and concomitant expression of the 
cloned gene. The protein product may either be secreted, or in the case 
of these HPV gene products directed into inclusion bodies. 

The cloning step was performed by the introduction of a Bgl II 
restriction enzyme site at each end of the gene fragment by PCR 
mutagenesis, using the following oligonucleotide: 
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NRW170 GTCGACAGATCTGGCACATAGTAGGGCCCGA SEQ ID NO 2 

(Oligonucleotide for PCR cloning of HPV 6 L2E7 into pET vector. 
Introduction of Bglll site into N-terminus of HPV 6 L2. No methionine 
codon is required for fusion into pET leader sequence (pelB). 

5 

DNA sequencing followed. The L2E7 fusion gene was then ligated 
into the following vectors: pETllb. pET12b. pE716b and pET22b. which 
differ in the nature of their N-terminal and C-terminal sequences. The 
recombinant plasmids were then used to transform an appropriate host cell. 
10 HMS174. which contains the oene for T7 polymerase. Other host cells that 
differ in their stringency of suppressing basal expression are available 
and have been successfully used in this method. 

EXAMPLE 4: Expression of L2E7 Construct in E.coli 

15 

Individual bacterial colonies were picked from the transformation 
plate and used to inoculate 2 ml aliquots of 2YT medium. These aliquots 
were grown up for 2 hours, then used to inoculate a 12 ml culture of 
warmed medium, adjusting the volume of inoculum to provide a consistent 
20 . number of bacteria as determined by measurement of optical density at 600 
nra. These cultures were grown up until the optical density reached 0.6. 
at which point the cultures were split into two 5.0 ml aliquots. IPTG at 
the recommended concentration of 1.0 mM was added to one culture, and both 
cultures were incubated under identical conditions for 3 hours. 

25 

At the end of this period, the bacteria were transferred to ice and 
the optical density was measured. The bacterial cultures were harvested 
by centrifugation in a 15 ml Falcon tube for 10 minutes at 4.000 rpm. The 
supernatant was removed and the bacteria resuspended in TE at a final 
30 volume of 0.5 ml . 

Analysis by SDS-PAGE was carried out as follows: 
The sample was then added to an equal volume of reducing 
electrophoresis sample buffer, and heated at 100°C for 10 minutes. 50j/l 
35 of sample was then loaded on a 5 • 15 i polyacryl amide gel. and 
electrophoreses" at 10mA for 12 hours. The protein bands were visualised 
by staining in Coomassie Brilliant Blue in 10* acetic acid. 103: methanol 
for 30 minutes, followed by destaining. A major protein band of molecular 
weight 90kD. corresponding to the full-length L2E7 protein, could be 
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detected by staining the gel in Coomassie. in addition to at le a <r 
other band, of 80,0. corroding to a product o/e th / r ^ ^ 
degradation or Mature taxation of transcription or tl ^ 

Following edification of the gene sequence by si d C ted 
mutagenesis as described e r in c i ^ sue-airected 

For more detailed characterisation of the expressed nmtci 

i . . , antl5era venerated by iirmumsation of sheep with E ™ii 
derived L2 fusion protein Western kw^ 

tera n? f r^r zzsr 

for the full-length L2E7 gerl prX IT* ' *° 

of other band, visible wMch ^ J . ' "™ 3 nu ** 

fragments of L2E7 or to prenature " Pr ° te °'* ic 

_ . t0 P reffl ature termination artifacts 

an-i 1me "i Sated b > H ««™ blotting, using either anti-Li or 

n.,. t7 ant^sera. The results confined that the major product was ^£7 
and suggested that the *i TO r 6ends wre lackin9 ^ » 

confir^ thTt C th r8 l teriSat10n W " Per,0rTCd * ^" ~ng.'which 

1 dT^ MJ ° r bS " dS " nt3lned 1nta « »"f sequences 

including an uncieaved pelB leader sequence. 

E0WL£ 5: In Vitro Transcription and Translation 

In order to characterise the products further the genes were 
C Is ' ™"°: C0UP ' ed 1n *""»™« - --sla" 

generate an rtW transcript fron, the cloned gene in the expression vertor 
*ne» ,s then translated in vitro to generate a s^itheti /protein p rodtt 
By i^ration of a radio-labe! into the protein product, its s^s 
can be monitored using SOS-PAGE analysis. thesis 
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In vitro transcription and translation revealed a similar pattern 
of protein synthesis to that found in the E.coli heterologous system. The 
L2E7 fusion protein consisted of two major bands of 80 YD and 70 YD. while 
the LI product contained two major bands at 30 and 32 WD in addition to 
the presumed full length product of 60 kD. 

DNA sequence analysis revealed that in both the sequences for LI 
and L2 there were stretches of poly-T consisting of between seven and nine 
T residues, which appeared to coincide with the positions of prematurely 
terminated fragments of both the LI and L2E7 molecules. It was suggested 
that these regions caused premature termination of either transcription 
or translation, most probably the former. This belief was supported by 
the observation of a poly-T tract in the terminator sequence for the T7 
polymerase. 

EXAMPLE 6: Mutagenesis of DNA Sequences 

In order to eliminate potential termination artifacts, it was 
decided to mutate two stretches of T-rich regions. The codon TTT encodes 
the amino acid phenylalanine (Phe), for which an alternative codon (TTC) 
exists. It was therefore decided to replace the TTT codon by mutation to 
generate the sequence TTC, thereby maintaining the reading frame and the 
natural protein sequence. This was chosen so as to leave unaffected, in 
this example, the properties of the product, by leaving unchanged the.'J 
protein sequence of the iircnuno therapeutic reagent. However, the mutation 
should increase yield of expressed protein product by minimising the level 
of artifacts due to premature ending of transcription or translation. 

Mutation was performed by the PCR technique of gene overlap 
extension using oligonucleotides JCT61. JPC81 defined below, in which the 
natural DNA sequence is replaced by the mutant sequence in the relevant 
area. 

The following oligonucleotides were employed in the mutagenesis: 
JCT61 CCMCCCTCCGAAGAACACCCCCAAAC 

SEQ ID NO 3 (Non-coding strand oligonucleotide primer for mutagenesis of 
HPV 6 12 at DNA sequence positions 159 and 162 (hum to TTCTTO). 

JPC81 GATCAAATATTAAMTGGGCW^ 

SEQ ID NO 4: (Coding strand oligonucleotide primer for HPV 6 L2 
incorporating a mutagenesis of the sequence TTTTTT to TTCTTC at position 
159 and 162. The oligonucleotide encodes an Sspl site AATATT. 
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A second site was also mutated by site-directed mutagenesis using 
the following oligonucleotide: 

JPC90 CGTATTCCCTTATTCTTCTCAGATGTGGCGGC 

SEQ ID No 5 (Coding strand oligonucleotide primer for HPV 6 12 

incorporating in vitro mutagenesis of the sequence at position 1359 and 

1362) 

The final gene product was then inserted in order to create a final 
expression vector designed as pO*3 and analysed by in vitro and in vivo 
expression. 



EXAMPLE 7: Expression of Mutated Sequences 

Following mutagenesis of the L2E7 construct the effect was 
15 monitored by in vitro and in vivo expression followed by SOS-PAGE 
analysis, and Western blot analysis where appropriate. 



-Initial experiments were performed to analyse the in vitro 
transcription and translation products of both mutated L2E7 and LI genes. 

The in vivo expression of the mutated L2E7 and the LI gene were 
examined as before. Individual colonies were selected and grown up to an 
optical density of 0.6. at which point IPTG was used to induce half the 
culture; three hours post -induction the cells were harvested and aliquots 
prepared for analysis by SOS-PAGE. The expression cassette was found to 
be translated satisfactorily. 

Both in vitro and in vivo experiments confirmed that mutagenesis of 
the poly-T- regions leads to a diminution in the yield of prematurely 
terminated fragments of both L2E7 and LI. and an enhancement of the yield 
of full -length product. The net result was a diminution in the yield of 
the 70 kD product from expression of L2E7 and a loss of the 30-32 kD 
fragments from expression of LI. 



It is therefore clear that mutation of the poly-T regions leads to 
an enhanced expression of the full-length species in this expression 
system. This result has not previously been described for a T7 
polymerase-based expression system, and may have wide applications in 
other areas of expression work. 
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EXWUE 8: Protein production and purification process 

Dedicated master and working cell banks of E.coli W5174 cells 
containing the p&J53 plasmid and derived as described herein are laid down 
and stored at -80°C. For production an ampoule from the working cell bank 
is thawed and cultured in 2YT medium to an appropriate volume for 
fermenter inoculation. Fermentation scale can range from 1.3L to 50L and 
further scale up may be envisaged. Cells were cultured until cell density 
reaches a preset point (typically 0.3g per L). At this point the culture 
is induced with IPTG after which the cells are harvested some 2 hours 
later. Yields of 24-50 mg L2E7 per g dry wt cells have been obtained on 
occasions using standard fermentation conditions. Cell disruption and 
protein purification are then carried out as indicated below and in 
Figure 3 of the accompanying drawings. 

Cell breakage is performed to release insoluble L2E7 stored as 
intracellular inclusion bodies (IB's). This is done using a hydraulic 
press which causes cell lysis by passing the cells through a narrow 
aperture under a pressure of 5000 psi . Lysis of approx 95* efficiency can 
be achieved by standard methods and is virtually complete after 3 passes. 

E.coli cell lysate containing insoluble L2E7 in the form of 
inclusion bodies is centrifuged. The sedimented pellet, containing 
inclusion bodies and cell debris was resuspended in a buffer containing 
Triton X-100 detergent. In such tangential cross-flow filtration, which 
is a per-se standard technique carried out in comrnerci ally- obtainable 
"Filtron" (TH) apparatus, a flow of liquid or suspension to be 
ultrafiltered or filtered is passed across an ultrafiltration or 
filtration membrane under a transmembrane pressure sufficient to drive 
filtrate through the meafcrane. In the present embodiment, tangential 
cross- flow filtration is used to concentrate the inclusion body suspension 
against a 0.16pm filter. Inclusion bodies are concentrated in the 
retentate and contaminants are removed in the filtrate. The concentrate 
is then diluted to reduce the Triton X-100 concentration, and concentrated 
again. Urea and DTT (dithiothreitol) are then added to a final 
concentration of 8M. and lOmH respectively, which solubilises the L2E7. 
Denatured^ reduced L2E7 protein then passes through the 0.16*/ filter into 
further filtrate where it is collected. 
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The L2E7 in denatured, reduced, filtered form is then purified 
using ion exchange chromatography. 8 .0M urea solubilised L2E7 protein is 
first purified by anion exchange chromatography using conditions indicate* 
in Figure 3. Typically l-2g of the product are purified on a 250-350n,L 
column. Urea- sol ubi 1 i sed L2E7 is loaded onto the anion exchange resin 
and weakly bound contaminants removed by elution with 4 column volumes of 
Urea DTT Tris buffer ( P H 8.0) containing 50„ NaCl . Finally. L2 P ™ te 
is eluted from the col™ using a maxi™ of 5 column volunes of ure DTT 
Tris buffer (pH 8.0) containing 350*1 salt. Flow rate throughout thT,£ 
is about 5ml arVminute. p 

The anion exchange chromatography peak product is loaded onto a 
canon exchanger Typically l- 2g of product are purified on about 250m! 
of column , material. Product is loaded onto the resin at 2.5ml min o»" 
which ,s then washed with 4 column volumes of 8.0H urea DTT phosphate (pH 
6.2) containing 210*, sodi™ chloride folded by l^E7 peak elution with 
vol™" C ° ntai "' nS CMOr1de ,Bt0 *PP'°™»ely 1.5 coll 

The cation exchanger peak product was loaded onto a size exclusion 
matrix (as indicated in Figure 3, usir* a running buffer of 25* Tris * 
8^0 conta^ing 75* sodium chloride. Typically 100ml containing 200-400™ 
of ,s loaded <at 0.2ml cmVmin) onto 6.5L of matrix with a M 

TtlH 'TL I* "** COrr "« to the major product and minor 
N terminal dipped fragments was peak cut at an approximate elution vol« 

or 0.46 column volumes. 

The size exclusion chromatography peak at this stage of the proce- 
is oilute. at an approximate concentration of 0.25-0.5mg ml 1 The 
product C1-2L) is concentrated by loading onto a small volume of anion 
exchange matrix (- 75ml) at a flow rate of 0.5ml an Vmin. Th* product is 
eluted using urea DTT phosphate buffer pH 8.0 containing 1.0H sodium 
chloride. The peak volume is 1-2 column volumes. 

The concentrated Q anion cartridge peak was buffer exchanged into 
a final formulation buffer at 48.9rr* Tris pH 8.0 containing Sn» DTT. The 
column matrix is Sepharose medium G25 with a volume of -2.5 litres A 
slug of buffer containing 8M urea equal to the product volume is 
preloaded onto the column. The product is then loaded at a -100-150 mis 
load The formulated buffer exchanged product peak is typically eluted 

Jll r 5 U a Sln9 3 now rate of °- 06ml The final 

product bulk is then^-80°C stored. 

A solution or dispersion of the product L2E7 protein obtainable in 
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this way is in an aggregated (reaggregated) form, which can nevertheless 
pass through a sterilising filter, e.g. a filter of gauge in the range 
0.16-0.22 micron, e.g. 0.2 micron. 

5 EXAMPLE 9: Cloning and Expression of HPV-6 Genes in Yeast - 
Saccharoayces cerevisiae 

In order to examine the ability of other heterologous systems to 
express high levels of the HPV-6 genes, the genes for the L2E7 fusion 

10 construct and for LI have been cloned into a generally available S. 
cerevisiae autonomously replicating expression vector. This vector, based 
on elements of the 2p plasraid. allows expression of heterologous in- frames 
genes driven by the GAL7 promoter. The vector also contains the LEU-2d 
marker, for selection of increased copy numbers in yeast cells, and the 

15 kanamycin resistance gene enabling selection in Escherichia coli. The 
Saccharomyces host strain used for expression was S150-2B (genotype: a. 
leu2-3. 112. *his3. trpl-289, ura3-52). 

Yeast were transformed with the HPV-6L2-E7 construct and grown up 
in medium containing ZX glucose as the sole carbon source, in order to 

20 repress transcription fro© the GAL7 promoter. Gene expression was induced 
in the presence of 7X galactose in the medium, as the sole carbon source. 

Cell extracts were produced by disruption of the cell membranes in .... 
the presence of glass beads. The extraction buffer was Tris-based and 
contained a broad range protease inhibitors: PMSF, pepstatin. leupeptin. 

25 antipain and chymostatin. Cell extracts were processed by SDS PAGE and 
the resolved proteins were Western blotted using polyclonal antisera 
raised in sheep against W>V-6 L2 and HPV-6 E7. 

Yields of HPV-6 L2-E7 fusion protein produced from Saccharomyces 
cerevisiae in this way have been estimated to be lOyg per litre of culture 

30 in certain embodiments. 

EXAMPLE 10 

Cloning and Expression of HPV-6 Genes in Yeast - Pichia pastoris 

An L2E7 fusion molecule (see Example 3 above) can be created as a 
35 BamH I * Not I DMA fragment, and cloned into a suitable expression vector 
such as a Pichia expression vector pPIC3K (obtained under license from 
Phillips Petroleum). The gene can be placed under the control of the 
Alcohol Oxidase promoter. AOXI. in order to allow high level expression" 
of the fusion protein. Following linearisation of the expression 
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construct, the DNA can be transfected into yeast cells by spheroplast 
fusion. 

Transformants can be selected by their ability to grow in minimal 
media in the absence of histidine. unlike untransfected cells which retain 
the requirement for histidine in the growth medium. A second round of 
screening on the basis of slow growth on a methanol substrate can be 
"performed to select for those clones containing an L2E7 gene integrated 
at the correct locus. 

EXAMPLE 11: Cloning and Expression of HPV-6 Genes in Baortovirus 

In order to investigate expression of the L2E7 fusion gene in 
baculovirus. two constructs were generated, each coding for an HPV-6 L2E7 
fusion protein, either with or without a HisTag tail. Neither construct 
contained a leader sequence, as on this occasion it was wished to examine 
the level of intracellular expression. 

The two constructs were cloned by PCR amplification, which 
introduced terminal Bgl II sites, into the pGEM-T vector. The L2E7 genes 
were then isolated as Bgl II . Bgl II fragments and subcloned into the 
BamHI cloning site of the transfer vector pBacPAKl (Clontech). The 
orientation of the inserts were then determined by PCR analysis, and DNA 
was prepared from clones containing the correct orientation. 

DNA from the pBacPAKl transfer vector containing either L2E7 
.construct was transfected. using the standard lipofectin mediated 
procedure, into Spcdoptera frugiperda (type Sf9) cells along with 6su36 
1 cut PBacPAKl viral DNA (Clontech]. In vivo homologous recombination 
between the plasmid and viral DNA then occurs to rescue the viral DNA. and 
in the process the target gene is transferred to the viral genome. 

The progeny viruses generated in the co- trans fecti on supernatant 
were then amplified by infecting fresh cells. 

A fraction of the infected cells were harvested and genomic DNA was 
prepared. PCR amplification using the above primers indicated that 
recombinant virus was present in the cells. 

The passage one virus stock was then used to further infect cells 
at a high multiplicity of infection to characterise gene expression by 
determining the time course of protein production: Confluent Sf9 cells in 
6 well dishes were infected at a high wiltiplicity of infection, cells and 
supernatant were harvested 24 hrs. 48 hrs and 72 hrs post infection. The 
results of the experiment were observed by SDS-PAGE analysis and Western 
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blotting in order to detect synthesis of the protein. 

Recombinant protein was not observed on a Coomassie stained 
SOS/PAGE gel but was detected at low levels by Western blotting. As 
expected the protein was not secreted due to the absence of a leader 
sequence. The amplified genes were sequenced in full and subcloned into 
plasmid vectors. The gene sequences have been used to contruct gene 
fusions for expression of HPV-6 proteins to high levels in prokaryotic and 
eukaryotic systems. 

EXWLE 12: lanunogenicity of L2E7 in Bice 

The inmunogenicity of an aggregate of L2E7 has been examined in 
mice. It was found that when an aggregate of L2E7 adsorbed onto aluminium 
hydroxide ('alum') was injected into B5CBA mice L2E7 specific immunity was 
elicited. This L2E7 specific imnunity included serum antibodies, of 
immunoglobulin 6 (IgG) class and immunoglobulin Gl subclass (IgGl). L2E7 
specific delayed type hypersensitivity responses and lymphoproli ferative 
responses in vitro were also found. 

The immunogenicity of L2E7 adsorbed onto alum was examined in B6CBA 
mice. Mice were given two subcutaneous injections of 180A;g L2E7/Alura 14 
days apart. 

Serum was collected 7. 14 and 56 days after the 2nd injection of 
L2E7/Alun. Serum anti-L2E7 antibody levels were determined in an L2E7 
specific enzyme linked iirmunosorbent assay. Serum anti-L2E7 responses 
peaked 14 days after the 2nd injection of L2E7 (mid point titre 4.572 
loglO) and persisted to 56 days (mid point titre 4.127 loglO). 

In vivo delayed type hypersensitivity responses (DTW) to L2E7 were 
measured in a second group of mice immunized as above. 7 days after their 
2nd injection with L2E7/Alum mice were challenged with l.Bpq L2E7 in their 
right ear and an equal volume of buffer in their left ear. L2E7 specific 
increase in ear thickness were measured with an engineers micrometer 24, 
48 4 72 hours after the ear challenge. Mice immunized with L2E7/Alum made 
in- vivo DTH responses. 

In-vitro lymphoproli ferative responses were measured with draining 
lymph node^cells (axillary lymph node cells) taken from a third group of 
mice, seven days after their second injection with L2E7 / alum product (as 
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above). A single lymph node cell suspension was made and 2x10*6 viable 
lymphocytes/ml were plated out in medium (Iscove's modified Dulbecco's 
medium) supplemented with IX normal mouse serum, glutamine beta- 
mercaptoethanol and antibiotics. L2E7 was titrated into the cultures 
(from 91 micro-g/ml) and cell proliferation was assessed by incorporation 
of tntiated thymidine for the final 24 hours of the 72 hour culture 
Lymph node cells from mice were ionized with L2E7/Alum proliferated in 
vitro in response to L2E7 (42000 cpm. stimulation index 50). 

EXAMPLE 13: Inmjne responses in hunans: 

A vaccine as described above, an aluminium hydroxide gel complex of 
L2E7 prepared equivalents as indicated above, has been shown to induce 
an appropriate dose-related immune response in healthy male volunteers 
Cells from all of 36 vaccinated volunteers showed a L2E7-specific in-vitro 
lymphoproliferative response (CD4+ T cells) indicative of inline response 
to the product. The volunteers had been given the product by 
intramuscular injection in doses of 3. 30 or 300 ^g. an initial dose at 
day 0 and repeated doses on day 7 and day 28 (accelerated schedule) (An 
alternative, slower, schedule for vaccination on days 0. 28 and 56 was 
also tried, and found less preferable.) Lvmphoproliferative responses 
were seen from day 7 at dose levels including the lowest dose. 3 pg L2E7 
specific antibody response was also shown in 29 of 32 assessable samples 
from the volunteers (the three non-responders in the antibody test had 
been given the lowest dose). Increased in-vitro production of IL-5 
consistent with the antibody production, was also seen. The two higher 
doses elicited T-cell proliferation sooner than the lowest dose The 
highest dose. 300 OT . stimulated more IFN-ganma production than the lower 
doses. The observations made, of rapid T-cell proliferation and 
associated production of IFN-ga™. are appropriately consistent with the 
intended use of the product as a therapeutic vaccine for genital warts. 

Regression of long- established human plantar warts, considered to 
be due to human papillomavirus, has been seen in a recipient of the 
product at a dose of 3 micro-g. whose cells were among those showing 
lymphoproliferative response. Regression was observable at day 7 and 
disappearance of warts occurred by day 14. 

The invention, described and the disclosure made herein are 
susceptible to many modifications and variations as will be apparent to. 
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and readily performable by. the skilled reader in the light of this 
disclosure; and the disclosure extends to adaptations, combinations and 
subcombinations of the features mentioned and/or described herein. 
Documents cited herein are hereby incorporated by reference. 
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CLAIHS 

1: A polypeptide or polypeptide composition comprising an antigenic 
determinant of a papillomavirus protein, in an aggregated form which when 
in solution or dispersion can pass through a sterilisation filter, or in 
an amorphous aggregated form. 

2: A polypeptide or polypeptide composition according to claim 1 
comprising antigenic determinants of at least two papillomavirus proteins.' 
e:g. 12 and another, or E7 and another. 

3: A polypeptide or polypeptide composition according to claim 1 or 2 
comprising at least one antigenic determinant of papillomavirus L2 protein 
and at least one antigenic determinant of papillomavirus El. E2. E4. £6 
or E7 protein. 

4:_ -A polypeptide or polypeptide composition according to claim 1. 2 
or 3. comprising antigenic determinants of L2 and E7 proteins of HPV. e.g' 
comprising a sequence fragment of at least 50* of the full sequence of 
each of L2 protein and E7 protein, e.g. comprising substantially the full 
sequence of 12 and of E7: optionally further including a sequence of LI 
protein. 

5: A polypeptide or polypeptide composition according to any preceding 
claim, wherein the antigenic determinant is of a papillomavirus protein 
of HPV type 6. 11. 16. IS. or of a non-human animal papillomavirus. 

6: A polypeptide or polypeptide composition according to any preceding 
claim, in the form of a denatured, reduced, and reaggregated preparation. 

7: A polypeptide or polypeptide composition according to any preceding 
claim, obtainable by denaturation. or denaturation with reduction, and 
subsequent reaggregation of a polypeptide expressed in the form of 
inclusion bodies in a recombinant host cell. 

8: A polypeptide or polypeptide composition according to claim 7. 
which has a molecular mass per aggregate in the range about 100.000 to 
about 10.000.000 dalton. 
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9: A polypeptide or polypeptide composition according to claim 7. 
which comprises aggregate particles with diameters on electron microscopy 
in the range about 4 to 50 nm. e.g. about 10-15 nm. 

10: A polypeptide or polypeptide composition according to claim 7. 
which comprises aggregate particles having 2-200. e.g. 5-50, polypeptide 
chains per aggregate. 

11: A polypeptide or polypeptide conposition conprising a fusion 
polypeptide comprising (a) at least an antigenic determinant of a 
papillomavirus L2 protein, and (b) at least an antigenic determinant 
selected from El. E2. E4, E5. E6 and E7 papillomavirus proteins and L2 
papillomavirus proteins of different papillomavirus type than in (a); or 
comprising antigenic determinants from at least two papillomavirus 
proteins selected from El, E2. E4. E5. E6 and E7 papillomavirus proteins 
e.g. where the said proteins are from different papillomavirus types. 

12: A polypeptide or polypeptide composition according to claim 11. 
conprising a fusion polypeptide comprising an antigenic determinant of 12 
protein and an antigenic determinant from at least one of El. E2. E4. E6 
and E7 proteins. 

13: An immunogenic composition suitable for administration by 
injection, comprising a polypeptide according to any preceding claim 
together with an immunological adjuvant. 

14: An inrrxjnogenic composition according to claim 13. wherein the 
adjuvant comprises alumimium hydroxide and/or monophosphoryl lipid A. 

15: Use of a polypeptide or immunogenic composition according to any 
preceding claim as an iranunogen, e.g. as a vaccine for prophylaxis or 
therapy of a papillomavirus -associated condition. 



"WO 96/26277 



PCT/GB 96/00397 



1/8 



FIGURE 1 (sheet I of A) 



48 



288 



ATACAT AT6 AAA TAC CTG CTG CCG ACC GCT GCT GCT GGT CTG CTG CTC 
Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu 
1 5 io 

CTC GCT GCC CAG CCG GCG ATG GCC ATG GAT ATC GGA ATT AAT TCG GAT 96 
Leu Ala Ala Gin Pro Ala Met Ala Met Asp lie Gly He Asn Ser Asp 
15 20 25 30 

CTG GCA CAT AGT AGG GCC CGA CGA CGC AAG CGT GCG TCA GCT ACA CAG 144 
Leu Ala His Ser Arg Ala Arg Arg Arg Lys Arg Ala Ser Ala Thr Gin 

35 40 45 

CTA TAT CAA ACA TGT AAA CTC ACT GGA ACA TGC CCC CCA GAT GTA ATT 192 
Leu Tyr Gin Thr Cys Lys Leu Thr Gly Thr Cys Pro Pro Asp Val He 

50 55 60 

CCT AAG GTG GAA CAC AAC ACC ATT GCA GAT CAA ATA TTA AAA TGG GGG 240 
Pro Lys Val Glu His Asn Thr He Ala Asp Gin He Leu Lys Trp Gly 

65 70 75 

AGT TTG GGG GTG TTC TTC GGA GGG TTG GGT ATA GGC ACC GGT TCC GGC 
Ser Leu Gly Val Phe Phe Gly Gly Leu Gly He Gly Thr Gly Ser Gly 

- 80 85 90 

ACT GGG GGT CGT ACT GGC TAT GTT CCC TTA GGA ACT TCT GCA AAA CCT 336 
Thr Gly Gly Arg Thr Gly Tyr Val Pro Leu Gly Thr Ser Ala Lys Pro 
95 100 105 HO 

TCT ATT ACT AGT GGG CCT ATG GCT CGT CCT CCT GTG GTG GTG GAG CCT 
Ser He Thr Ser Gly Pro Met Ala Arg Pro Pro Val Val Val Glu Pro 

120 125 
GTG GCC CCT TCG GAT CCA TCC ATT GTG TCT TTA ATT GAA GAA TCG GCA 432 
Val Ala Pro Ser Asp Pro Ser He Val Ser Leu He Glu Glu Ser Ala 

130 135 140 

ATC ATT AAC GCA GGG GCG CCT GAA ATT GTG CCC CCT GCA CAC GGT GGG 
He He Asn Ala Gly Ala Pro Glu He Val Pro Pro Ala His Glv Gly 

145 150 155 

TTT ACA ATT ACA TCC TCT GAA ACA ACT ACC CCT GCA ATA TTG GAT GTA 
Phe Thr lie Thr Ser Ser Glu Thr Thr Thr Pro Ala He Leu Asp Val 

160 165 170 

TCA GTT ACT AGT CAT ACT ACT ACT AGT ATA TTT AGA AAT CCT GTC TTT 576 
Ser Val Thr Ser His Thr Thr Thr Ser He Phe Arg Asn Pro Val Phe 
175 180 185 190 



384 



480 



528 
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FIGURE 1 (sheet 2 of 4) 



ACA GAA CCT 
Thr Glu Pro 

CAT ATA TTA 
His lie Leu 

ATT CCT TTA 
lie Pro Leu 
225 

TCC AGT ACC 
Ser Ser Thr 

240 
TAT AGT CGT 
Tyr Ser Arg 
255 

TCC ACT CCT 
Ser Thr Pro 



TCT GTA 
Ser Val 
195 
ATT TCT 
He Ser 
210 

GAT ACT 
Asp Thr 



ACA CAA 
Thr Gin 

GCA CCC 
Ala Pro 

TTT GTG 
Phe Val 



CCT GTT 
Pro Val 



GCA TTG 
Ala Leu 

CAA CGC 
Gin Arg 



GAG GAT GTT 
Glu Asp Val 

GAT GAG GCT 
Asp Glu Ala 
305 

TCC CGA CGT 
Ser Arg Arg 

320 
ATG CAC ACT 
Met His Thr 
335 

TAT GAT ATT 
Tyr Asp lie 

CCT CTT GTG 
Pro Leu Val 



275 
A6T GTA 
Ser Val 
290 

TTT ATG 
Phe Met 

GGC CTT 
Gly Leu 

CGC AGC 
Arg Ser 

TCA CCT 
Ser Pro 
355 
GCT GCA 
Ala Ala 
370 



CCT GGT 
Pro Gly 
245 
CAC CAG 
His Gin 
260 

TTA ATT 
Leu He 



CCC CAA 
Pro Gin 

ACT ATA 
Thr He 
215 
ATA TCC 
He Ser 
230 

ACT GCA 
Thr Ala 



CCA CCC GTG 
Pro Pro Val 

200 

ACG TCA CAC 
Thr Ser His 

TCT AGT GAT 
Ser Ser Asp 



GTG CAG 
Val Gin 

ACA TAT 
Thr Tyr 



CAA TTT 
Gin Phe 

GAC ATA 
Asp lie 

GTG CGG 
Val Arg 
325 
GGA AAG 
Gly Lys 
340 

ATT GCA 
He Ala 



AGT CAT 
Ser His 
295 
ATT CGT 
He Arg 
310 

TAC AGT 
Tyr Ser 

CAC ATA 
His He 

CAA GCT 
Gin Ala 



CCT CGG CCT 
Pro Arg Pro 
250 

GTT ACA GAC 
Val Thr Asp 

265 
GAT AAC CCT 
Asp Asn Pro 
280 

GAT TCT ATA 
Asp Ser He 

TTG CAC AGA 
Leu His Arg 

CGC ATT GGA 
Arg He Gly 
330 

GGG GCC CGC 
Gly Ala Arg 

345 
GCA GAA GAA 
Glu Glu 



GAG GCT 
Glu Ala 

CCT ATA 
Pro He 
220 
AGC GGT 
Ser Gly 
235' 

CGT GTG 
Arg Val 

CCT GCA 
Pro Ala 



GTA TAT 
Val Tyr 

CAC AAT 
His Asn 
300 
CCT GCT 
Pro Ala 
315 

CAA CGG 
Gin Arg 



AAT GGA 
Asn Gly 
205 

GAG GAA 
Glu Glu 

CCT ACA 
Pro Thr 

GGC CTA 
Gly Leu 

TTT CTT 
Phe Leu 
270 
GAA GGG 
Glu Gly 
285 

GCA CCT 
Ala Pro 



CAG GAA 
Gin Glu 



GAT ACA 
Asp Thr 
375 



Ala 
360 
TTT GAT ATT 
Phe Asp He 



ATT CAT 
He His 

ATA GAA 
He Glu 

TAT GCT 
Tyr Ala 
380 



ATT GCG 
lie Ala 

GGG TCT 
Gly Ser 

TAT TTT 
Tyr Phe 
350 
ATG CAC 
Met His 
365 

AAA TCT 
Lys Ser 



624 
672 
720 
768 
816 
864 
912 
960 
1008 
1056 
1104 - 
1152 
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FIGURE 1 (sheet 3 of 4) 



TTT GAA 
Phe Glu 

GAT ACA 
Asp Thr 
400 
AAC ACC 
Asn Thr 
415 

GGC CCT 
Gly Pro 

CCT GTA 
Pro" Va 1 

GGA TTT 
Gly Phe 

CGT ATT 
Arg He 
: 480 
GGA AGA 



CCT GAC ATT AAC 
Pro Asp He Asn 
385 

TAT TTA ACT TCC 
Tyr Leu Thr Ser 



ACA GTT 
Thr Val 

GAT ATA 
Asp He 

ACT CCT 
Thr Pro 
450 
TAT TTG 
Tyr Leu 
465 

CCC TTA 
Pro Leu 



Gly Arg 
495 

GAC CCT 
Asp Pro 

GAT GAG 
Asp Glu 

CAT TAjC 
His Tyr 

CTG GTT 
Leu Val 
560 



CAT GTT 
His Val 

GTA GGG 
Val Gly 

GTG GAC 
Val Asp 
530 
CAA ATA 
Gin He 
545 

GTG CAG 
Val Gin 



CCA TTG 
Pro Leu 
420 
ACT TTT 
Thr Phe 
435 

GCT TTA 
Ala Leu 

CAT CCT 
His Pro 

TTC TTC 
Phe Phe 

ACC CTA 
Thr Leu 
500 
TTA CAT 
Leu His 
515 

GAA GTG 
Glu Val 



CCT ACC 
Pro Thr 
390 
ACA CCT 
Thr Pro 
405 

TCA ATT 
Ser He 

CCT ACT 
Pro Thr 

CCT ACA 
Pro Thr 

GCA TGG 
Ala Trp 
470 
TCA GAT 
Ser Asp 
485 

AAG GAT 
Lys Asp 



CAA CAC 
Gin His 

AAT ACA 
Asn Thr 

CCT AAT 
Pro Asn 

GCA CCT 
Ala Pro 
440 
GGC CCT 
Gly Pro 
455 

TAT TTT 
Tyr Phe 



CCT GTT 
Pro Val 

GTT ACA 
Val Thr 
410 
GAC CTG 
Asp Leu 
425 

ATG GGA 
Met Gly 



ACA AAT ATA TCA 
Thr Asn lie Ser 
395 

CAA CCG TGG GGT 
Gin Pro Trp Gly 



TTT TTA 
Phe Leu 

ACA CCC 
Thr Pro 



GTT TTC 
Val Phe 

GCA CGT 
Ala Arg 



GTG GCG 
Val Ala 



TGC TAT 
Cys Tyr 

GAC GGA 
Asp Gly 



GTG ACC 
Val Thr 

TGT ACA 
Cys Thr 



TGT TGC 
Cys Cys 
550 
GAA ACA 
Glu Thr 
565 



ATT GTA 
He Val 

GAG CAA 
Glu Gin 
520 
CAA GAT 
Gin Asp 
535 

TGT GGA 
Cys Gly 

GAC ATC 
Asp He 



GCC TCC 
Ala Ser 
490 
TTA GAC 
Leu Asp 
505 

TTA GTA 
Leu Val 

TCA CAA 
Ser Gin 

TGT GAC 
Cys Asp 

AGA GAA 
Arg Glu 
570 



ATT ACA 
He Thr 
460 
AAA CGC 
Lys Arg 
475 

ATG GCG 
Met Ala 



CTG 
Leu 



CAA 

Gl n 



GAC AGC 
Asp Ser 



CCT 
Pro 

AGC 
Ser 
555 
GTG 
Val 



TTA 
Leu 
540 
AAC 
Asn 

CAA 
Gin 



CAG TCT 
Gin Ser 
430 
TTT AGT 
Phe Ser 
445 

GGT TCT 
Gly Ser 

CGT AAA 
Arg Lys 

ATG CAT 
Met His 

CCT CCA 
Pro Pro 
510 
TCA GAA 
Ser Glu 
525 

AAA CAA 
Lys Gin 

GTT CGA 
Val Arg 

CAG CTT 
Gin Leu 



1200 
1248 
1296 
1344 
1392 
1440 
1488 
1536 
1584 
1632 
1680 
1728 
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FIGURE 1 (sheet 4 of 4) 



CTG 
Leu 
575 
GCG 
Ala 



TTG 
Leu 

GCC 
Ala 



GGA 
Gly 

GCA 
Ala 



ACA 
Thr 

CTC 
Leu 



CTA 
Leu 

GAG 
Glu 
595 



AAC 
Asn 
580 
CAC 
His 



ATA 
lie 

CAC 
His 



GTG 
Val 

CAC 
His 



TGT 
Cys 

CAC 

His 



CCC 
Pro 

CAC 
His 
600 



ATC 
lie 
585 
CAC 
His 
601 



TGC 
Cys 



GCA 
Ala 



CCG 
Pro 



AAG 
Lys 



TGA GAT 



ACC 
Thr 
590 



1776 



1815 



FIGURE la 



40 rn 
TTCCCCTCTAGAAATAATTT TGTTTAACTTTAAGAAGGAG AT ATACAT 

80 100 108 . 

FIGURE lb 

T7 Terminator sequence 

GAT CCGGCTGCTAACAAAGC CCGAAAGGAAGCTGAGTTGG CTGCTGCCACCGCTGAGCAA 

TAACTAGCATAACCCCTTGG GGCCTCTAAACGGGTCTTGA GGGGTTTTTTG 

80 . 100 HI 
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FIGURE 2 (sheet 1 of 3) 



Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 
1 5 io 15 

Ala Gin Pro Ala Met Ala Met Asp He Gly He Asn Ser Asp Leu Ala 
20 25 30 

His Ser Arg Ala Arg Arg Arg Lys Arg Ala Ser Ala Thr Gin Leu Tyr 
35 40 45 

Gin Thr Cys Lys Leu Thr Gly Thr Cys Pro Pro Asp Val He Pro Lys 
50 55 60 

Val Glu His Asn Thr He Ala Asp Gin lie Leu Lys Trp Gly Ser Leu 
65 70 75 bo 

Gly Val Phe Phe Gly Gly Leu Gly He Gly Thr Gly Ser Gly Thr Glv 

85 90 95 

Gly Arg Thr Gly Tyr Val Pro Leu Gly Thr Ser Ala Lys Pro Ser lie 
100 105 no 

Thr Ser Gly Pro Met Ala Arg Pro Pro Val Val Val Glu Pro Val Ala 
"5 120 125 

Pro Ser Asp Pro Ser He Val Ser Leu lie Glu Glu Ser Ala He He 
130 135 14Q 

Asn Ala Gly Ala Pro Glu He Val Pro Pro Ala His Gly Gly Phe Thr 
145 150 155 160 

He Thr Ser Ser Glu Thr Thr Thr Pro Ala lie Leu Asp Val Ser Val 
165 no 175 

Thr Ser His Thr Thr Thr Ser He Phe Arg Asn Pro Val Phe Thr Glu 
I 80 185 igo 

Pro Ser Val Thr Gin Pro Gin Pro Pro Val Glu Ala Asn Gly His He 
195 200 206 
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FIGURE 2 (sheet 2 of 3) 



Leu He Ser Ala Pro Thr He Thr Ser His Pro He Glu Glu He Pro 
210 215 220 

Leu Asp Thr Phe Val He Ser Ser Ser Asp Ser Gly Pro Thr Ser Ser 
225 230 235 240 

Thr Pro Val Pro Gly Thr Ala Pro Arg Pro Arg Val Gly Leu Tyr Ser 

245 250 255 

Arg Ala Leu His Gin Val Gin Val Thr Asp Pro Ala Phe Leu Ser Thr 
260 265 270 

Pro Gin Arg Leu He Thr Tyr Asp Asn Pro Val Tyr Glu Gly Glu Asp 
. 275 280 285 

Val Ser Val Gin Phe Ser His Asp Ser He His Asn Ala Pro Asp Glu 
290 295 300 

Ala Phe Met Asp lie lie Arg Leu His Arg Pro Ala He Ala Ser Arg 
305 310 315 320 

Arg Gly Leu Val Arg Tyr Ser Arg lie Gly Gin Arg Gly Ser Met His 

325 330 335 

Thr Arg Ser Gly Lys His He Gly Ala Arg lie His Tyr Phe Tyr Asp 
340 345 350 

He Ser Pro He Ala Gin Ala Ala Glu Glu He Glu Met His Pro Leu 
355 360 365 

Val Ala Ala Gin Glu Asp Thr Phe Asp He Tyr Ala Lys Ser Phe Glu 
370 375 380 



Pro Asp He Asn Pro Thr Gin His Pro Val Thr Asn He Ser Asp Thr 

385 390 395 40 o 

Tyr Leu Thr Ser Thr Pro Asn Thr Val Thr Gin Pro Trp Gly Asn Thr 

405 410 415 
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FIGURE 2 (sheet 3 of 3) 



Thr Val Pro Leu Ser He Pro Asn Asp Leu Phe Leu Gin Ser Gly Pro 
420 425 430 

Asp lie Thr Phe Pro Thr Ala Pro Met Gly Thr Pro Phe Ser Pro Val 
435 440 445 

Thr Pro Ala Leu Pro Thr Gly Pro Val Phe He Thr Gly Ser Gly Phe 
450 455 460 

Tyr Leu His Pro Ala Trp Tyr Phe Ala Arg Lys Arg Arg Lys Arg He 
465 470 " 475 480 

Pro Leu: Phe Phe Ser Asp Val Ala Ala Ser Met Ala Met His Gly Arg 

485 490 495 

His Val Thr Leu Lys Asp He Val Leu Asp Leu Gin Pro Pro Asd Pro 
500 505 510 

Val Gly Leu His Cys Tyr Glu Gin Leu Val Asp Ser Ser Glu Asp Glu 
-515 520 525 

Val Asp Glu Val Asp Gly Gin Asp Ser Gin Pro Leu Lys Gin His Tyr 
530 535 540 

Gin He Val Thr Cys Cys Cys Gly Cys Asp Ser Asn Val Arg Leu Val 
545 550 555 560 

Val Gin Cys Thr Glu Thr Asp He Arg Glu Val Gin Gin Leu Leu Leu 

565 570 575 - 

Gly Thr Leu Asn He Val Cys Pro He Cys Ala Pro Lys Thr Ala Ala 
580 585 590 

Ala Leu Glu His His His His His His * 
595 600 601 
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FIGURE 3 



PROTEIN PURIFICATION 



E. Col i CELL DISRUPTION 



INCLUSION BODY 

PREPARATION 

AND 

SOLUBILISATION 



0 ANION EXCHANGER (POROS HQ50) 
300 mL (6cm x 10cm) 
Load 8.0M Urea. DTT. Tris pH 8.0 
Wash 8.0M Urea, DTT. Tris pH 7.5 50mM Salt 
Elute 8.0M Urea, DTT, Tris pH 7.5 350mM Salt 
Dilute 8x in Cation Load buffer 

S CATION EXCHANGER (POROS HS50) 
200 mL (6cm x 7cm) 

Load 8.0M Urea, DTT, Phosphate pH 6.2 50mM Salt 
Wash 8.0M Urea. DTT. Phosphate pH 6.2 210mM Salt 
Elute 8.0M Urea. DTT. Phosphate pH 6.2 500mM Salt 

SIZE EXCLUSION (PHARMACIA SUPERDEX 200) 
6,400mL (9cm x 100cm) 

Run buffer 8.0M Urea. DTT, Tris pH 8.0 75mM Salt 

0 ANION EXCHANGER (POROS HQ50) 
CONCENTRATION 

60mL (5cm x 3.5cm) 
Load 8.0M Urea, DTT. Tris pH 8.0 
Wash 8.0M Urea. DTT. Tris pH 7.5 
Elute 8.0M Urea. DTT. Tris pH 7.5 350mM Salt 

SIZE EXCLUSION (PHARMACIA G25) 
BUFFER EXCHANGE 
UREA REMOVAL 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OK SUBJECT MATTER 

IPC 6 C12N15/37 C07K14/025 A61K39/12 



ln«e onaj Application No 

PCT/GB 96/00397 



Acmrani to In^mjooruU P»tnn Giraficjoon (IPC) or to bod 



ruaonal rtanfiqaon me IPC 




Cjteyory * Guicn of oocirrxnt. *iCi 



mo canon, wt*r< approbate, of 



the relevant paxu^rs 



TECHNOLOGY LTD) 28 October 1993 
see the whole document 

APHM992 248 (SQUIBB BR1ST ° L HYERS C0) 2 
cited in the application 
see the whole document 

TECHNOLOGY LIMITED) 7 January 1993 
cited in the application 
see the whole document 

-/- 



ReJevant io claim So 



1-15 



1-15 



1-15 



[T] FunJ " cocirona art | IM d w fc« ccncDuaoon of boi C. 

SpraaJ categories of cud docunmo : 

'A' documtn: attain | jtncnl sju- of CV an wrath u no. 
conaiterrts to be of par^cyJar rtje>ar* f 

E * bUl °" or after the .nurruoowl 

L " ^T^ 7 " **< h *»* on pnonty ea»mts) or 

»ruci ts cud to eaabJiih the puoiicanon 
aueon or oC*t jpeaaJ rruoo (as jpcafnd) 

°' ^ Um * tlt fTlernn « to in ortl dudorwr. ctfutnocc or 
Oder mam 

P { ? orwn f* putebrfxri phor w the intmuoonjj film, d,* hut 
U*r than the pnonty cuu cUimcd 



[X ^ PtUTX members are imcd m annex 



T 'cTnr^SrTEf ***r *e mta uflorai film, ^ 

^fT!T^ <^ And not in <=>nfl,ci wtth a* applicator, but 

X t^TS 01 claimed ,n«noon 

canno* b* considered novd or cannot be considered to 
inxii* « invmev* nrp vnen the docixncrx u Uacn aJonr 

Y " 0< rrJcvancr; the djomcd mvmoon 

ewne* bt considered to involve an invmovr sep when the 
Oonjme« b corned «th one or more «heTruch docu- 
m™.^cft aomiwiaoon bon« obvuxa to a person stoltaj 



Daw of the acual compieoon of chc imema&onaJ starch 

20 June 1996 

Name and maiixnj address of the ISA 

European Pa&tm Office, P.fl. 3111 Piunflaaa 2 
SL • 22X0 HV Rjjtwi* ^ 1 

Td.(- 31.70) VUVa>*aTjL 31 651 rpo ai 
Far ( - 31-70) 3-40-30 1 6 ' 



*A" document member oi 



the same patent Lamdy 



>M * ° r maiiirij of inumaoonal m^rch 

•9.07.96 



report 



ofbo 



Moreau. J 



INTERNATIONAL SEARCH REPORT 



liter onil Appiicioon No 

PCl/GB 96/60397 



r »0<.U»£---" COMMEHtD TO « 



CANCER EPIDEMIOLOGY BIOMARKERS & 
PREVENTION 1 (4). 1992. 281-286, 

5SelSON 9 M T ET AL: "The association of 
human papillomavirus antibodies with 
cervical cancer risk." 
see the whole document 

INT J CANCER 48 (5). 1991. 682-688, 

S21 n au ■cecuwwt of 

16 AND 18 AMONG CERVICAL CANCER PATIENTS 
AND CONTROLS." 
see the whole document 

WO A 96 11274 (THE GOVERNMENT OF THE 
UNITED STATES OF AMERICA) 18 April 1996 
see the whole document 



I Rclcvuii to cluro So. 



1-15 



1-15 



1-15 



INTERNATIONAL SEARCH REPORT 

...formation on patent firmly rvmtxn 



tnirr *\aJ Apptcaeon So 

PC7/G3 96/QG397 



Pueni document 
citetj in ica/ch report 



Publicauon 
cur 



Paient family 
mcmbcf(i) 



Publication 
due 



W0-A-9320844 
W0-A-9205248 



WO-A-9300436 



28-10-93 
02-04-92 



07-01-93 



AU-B- 


3897093 


18-11-93 


AU-B- 
CN-A- 


8762991 
1067382 


15-04-92 
30-12-92 


AU-B- 
AU-B- 
EP-A- 
JP-T- 


662910 
1985992 
0592480 
6508988 


21-09-95 
25-01-93 
20-04-94 
13-10-94 



INTERNATIONAL SEARCH REPORT 

.../ormioon oo ?Jt/m Imly mrmbcn 



Puem docunwil 
ciLrd in scorch report 



Publication 
exit 



Inter *uJ Apphcjcon So 

PCT/GB 96/00397 



Piiem family 



Putltcaoon 



WO-A-9320844 


28 


-10 


-93 


AU-B- 


3897093 


18-11-93 


W0-A-9205248 


02 


-04- 


-92 


AU-B- 
CN-A- 


8762991 
1067382 


15-04-92 
30-12-92 


W0-A-9300436 


07- 


-01- 


93 


AU-8- 
AU-B- 
EP-A- 
JP-T- 


662910 
1985992 
0592480 
6508988 


21-09-95 
25-01-93 
20-04-94 
13-10-94 



